The aim of this study was to determine the effect of a probiotic, i.e. fermented milk prepared with Lactobacillus casei strain Shirota, on indigenous Lactobacilli in the pig large intestine. This fermented milk was given as a probiotic to experimental pigs for 2 weeks. The fecal organic acid concentration increased with the fermented milk; acetate and propionate increased significantly (p<0.05). At the same time, lactate and butyrate tended to increase. The fecal pH was significantly reduced by the fermented milk (p<0.05). Although the number of bacteria of strain Shirota in the intestinal contents was much smaller than those of indigenous Lactobacilli, 104 vs 108 (cfu/g), the numbers of indigenous Lactobacilli and Bifidobacteria in the pig intestine appeared to increase with the fermented milk. In addition, the phenotypic diversity (phenotypic group numbers) of indigenous Lactobacilli increased from 3 to 8 with the fermented milk supplementation. Thus the fer mented milk affected the indigenous Lactobacillus population and constitution.
The colonic flora ferments undigested food materials and endogenous substances such as mucus to produce short-chain fatty acids (SCFA) that are considered to be effective for maintenance of the host's health (1) (2) (3) (4) (5) (6) . However, potentially harmful compounds such as am monia, sulfide and indole are also produced in the same process. It is preferable for the host that these hazards to health are not produced during colonic fermentation. The control of colonic fermentation is important in this context. Two ways are usually adopted for such control; one is the administration of live bacteria, i.e. Bifidobacteria and Lactobacilli, and the other is the ad ministration of a specific substrate for health-promoting bacteria, e. g. Bifidobacteria. The former is categorized as a probiotic and the latter as a prebiotic (7) (8) (9) (10) (11) .
The mechanism of probiotic effect on host health has not been fully elucidated yet; some reasons such as low ering of the digesta pH due to lactate accumulation and the bactericidal effect of bacteriocin, both produced by probiotic strains, are considered to be responsible for improvement of the colonic environment (12, 13) . However, these effects must not only rely on adminis trated probiotic strains, because indigenous bacteria be longing to the same species or genera as probiotic strains may contribute to such improvement if their ac tivity is stimulated by probiotics.
Therefore, we investigated the effect of probiotic, i.e. fermented milk prepared with Lactobacillus casei strain Shirota, on indigenous Lactobacilli in the pig large intes tine. Lactobacilli were separated as to colony and cell morphotype. One strain of each group was characterized and identified with API 50CHL and the partial 16S rDNA sequencing. milk in all portions of the pig intestine and feces. In con trast, those of total anaerobes and Bifidobacteria were increased by feeding the fermented milk, The number of Bacteroidaceae was not affected by feeding the fermented milk. The number of Lactobacilli in the small intestine was not affected by feeding the fermented milk, whereas that in the large intestine was increased. The presently used probiotic strain, strain Shirota, was not detected in pigs fed the control diet, while the number of bacteria of this strain was approximately 103 to 104 cfu/g digesta in the intestine and feces when the fermented milk was administered.
Flora constitution of Lactobacilli in the feces (Table 3) Twenty indigenous fecal Lactobacilli randomly iso lated from LBS plates were grouped into 3 different colonies and cell morphotypes when the fermented milk was not fed. Thirty Lactobacilli were isolated and grouped into 8 types when the fermented milk was fed. The phenotypes of these groups were further identified as L. brevis 1 (Group 1) and 2 (Group 2), L. acidophilus 2 (Group 3), L. delbrueckii (Group 4) and L. fermentum (Group 5) according to API 50 CHL. Group 1, 2, 3, 4 and 5 were identified as L. reuteri, L. reuteri, L. cr1spatus, L. amylovorus and L. reuteri by partial 16S rDNA se quencing, respectively (sequence similarities between queries and those in database were over 99%, respec tively).
Three phenotype groups, i.e. unknown 1 (Group 6), 2 (Group 7) and 3 (Group 8), could not be defined with the API 50 CHL system. On the other hand, Group 6, 7 and 8 were identified as L, amylovorus, L, ruminus and L. amylovorus by partial 16S rDNA sequencing, respec tively (sequence similarities between queries and those in database were over 99%, respectively). The numbers (cfu/g) of Lactobacilli in all the groups were consistently higher when the fermented milk was fed. Moreover, the phenotypic diversity (phenotypic group numbers) of Lactobacilli itself increased from 3 to 8 with the fer mented milk supplementation; Group 4, 5, 6, 7 and 8 were now detected. Group 2 was the predominant phe notypic group (68.5% of the total cfu) without fer mented milk supplementation, and this group remained predominant when the fermented milk was fed, but with a reduced proportion (31.6% of the total cfu).
DISCUSSION
A large number of bacteria inhabit the large intestine with complex relationships, i.e. symbiosis, and competi tion for substrates and niches (1, 2, 6) . These intestinal bacteria relate to host health, i.e. diarrhea, constipation and infection by pathogens. Probiotics and prebiotics are used for the prevention and treatment of such disor ders (7) (8) (9) (10) (11) . A decrease in the digesta pH due to in creased concentrations of lactate and acetate may pre vent the growth of pathogenic and potentially patho genic bacteria (22, 23) , which has been recognized as an effect of probiotics and prebiotics. In this experiment, the fecal pH was significantly decreased by fermented milk supplementation. This decrease in pH was associ ated with decreaseseswith decreases in the numbers of Ernterobacteriaceae and Enterococci, and with increases in those of Lactobacilli and Bifidobacteria. This pH decrease was due to increases in the acetate and propionate concentra tions.
The increases in acetate and propionate are ex plained by the increases in the numbers of Lactobacilli and Bif dobacteria; the former produce lactate, and the latter acetate and lactate. Since lactate was not detected in large amounts, this acid must have been converted to acetate and propionate by lactate-utilizing bacteria such as Desulfovibrio spp., Propionibacterium spp., Megasphaera spp., Selenomonas spp., and Veillonella spp. (24) (25) (26) .
It is suggested that the present dose level of fermented milk (130mL/25kg body weight), or more precisely the number of live strain Shirota (1010 bacteria/25kg body weight), is appropriate for obtaining the colonic fer mentation effect.
In the case of humans, the fecal recovery of strain Shirota was 107 cfu/g of feces (109 cfu excreted per day) when 1010 cells were administrated daily (19) , which was 1,000 times higher than that observed in this ex periment. The survival rate of administrated bacteria is affected by gastric acid or bile acids. This rate is also af fected by the transit time of digesta. Indigenous bacteria also affect the survival of administrated probiotic strains. The difference in the recovery rates of strain Shirota between the pig and human experiments sug gested difference between these potential factors in both animals. L. casei strain Shirota was present at around 104 cfu/g digesta in the cecum and the colon. This level seems to be too small to modify the whole fermentation system. We have observed an increase in the population size of indigenous Lactobacilli in the whole large intes tine caused by fermented milks 2.8 times in the cecum and 4.5 times in the colon. In addition to Lactobacilli, Bifidobacteria also showed an increased population size.
The flora constitution of fecal Lactobacilli was signifi cantly changed by feeding the fermented milk, al though the predominant species, Group 2, still in creased in number and dominated the Lactobacilli flora. Change in the flora constitution suggested that the minor species in the flora under the control conditions might show stimulated growth and become detectable with the fermented milk. Identification of Lactobacilli by API system differed from the result of 165 rDNA se quencing. Although Group 1, 2 and 5 were identified as L. reuteri with 165 rDNA sequencing, their physiologi cal characteristics were different from one another. It was suggested that the phenotypic diversity of Lactobacilli clearly increased with feeding the fermented milk. At present, the mechanisms involved in such stimulation of indigenous Lactobacilli and Bifidobacteria are not clear. The main components of this fermented milk are protein, fat, glucose, sucrose, fructose, lactose and lactate (27) . These components except for lactose, however, did not reach the cecum when 2mL of the fer mented milk was orally administrated to rats weighing 250g. It is suggested in this study that these compo nents will undergo digestion and absorption. On the other hand, lactose could reach the cecum. Ohashi and Umesaki (27) showed that 10% of lactose originally contained in the fermented milk reached the cecum in rats. If lactose flowed into the cecum in our pigs at a similar rate, 100 to 200mg of lactose could reach the cecum. Although it is not clear whether this amount of lactose can activate colonic fermentation and prolifera tion of indigenous Lactobacilli and Bifidobacteria, such an amount seems to be negligible for the bulk of cecal contents up to 1L (Tsukahara and Ushida, unpub lished). As Lactobacillus strains of group 4, 6, 7 and 8 did not ferment lactose, lactose of the fermented milk could not stimulate at least these colonic Lactobacilli that increased the population size, It is likely that fac tors other than major components of fermented milk may have affected the fermentation and proliferation of indigenous bacteria. There are many reports available on the specific inhibition of the growth of Lactobacilli by bacteriocin, but no report is available on the growth promoting substances for Lactobacilli produced by probi otic bacteria. Kaneko et al. (28) and Mori et al. (29) re ported that some intestinal bacteria produced growth promoting factors for Bifidobacteria and one substance was identified as quinone. We succeeded in the isolation of a Lactobacillus strain of which in vitro growth was stimulated by fecal aqueous extracts (unpublished). The growth promoting factors may appear in pig intestine supplemented with fermented milk. Their growth is not promoted simply by biochemical substances, but by some biological conditions such as digesta retention time or digesta pH.
